Coupling of GTP hydrolysis by elongation factor G to translocation and factor recycling on the ribosome.
The translocation step of elongation entails the coordinated movement of tRNA and mRNA on the ribosome. Translocation is promoted by elongation factor G (EF-G) and accompanied by GTP hydrolysis, which affects both translocation and turnover of EF-G. Both reactions are much slower (50-100-fold) when GTP is replaced with non-hydrolyzable GTP analogues or GDP, indicating that the reaction rates are determined by conformational transitions induced by GTP hydrolysis. Compared to the rate of uncatalyzed, spontaneous translocation, ribosome binding of EF-G with any guanine nucleotide reduces the free energy of activation by about 18 kJ/mol, whereas GTP hydrolysis contributes another 10 kJ/mol. The acceleration by GTP hydrolysis is due to large decrease in activation enthalpy by about 30 kJ/mol, compared to the reaction with GTP analogues or GDP, whereas the activation entropy becomes unfavorable and is lowered by about 20 kJ/mol (37 degrees C). The data suggest that GTP hydrolysis induces, by a conformational change of EF-G, a rapid conformational rearrangement of the ribosome ("unlocking") which determines the rates of both tRNA-mRNA translocation and recycling of the factor.